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Summary 
A study of 10 members of o-hydroxybenzoyl and iso- 
pentenylated o-hydroxybenzoyl group of compounds, as 
spray reagents in inorganic paper chromatography, for 
the detection of metal ions. shows, that resacetophenone, 
phloroacetophenone, gal/acetophenone and 5-C-prenyl 
gaHacetophenone can act as very useful and often uni- 
versal reagents. Comparative sensitivity limits with respect 
to Ti(IVJ, V(V), Mn(ll), Fe(lt). Fe(lll). Co(//)./Vi(//), 
Cu(ll), Ce(IV) and U(VI) have been determined for these 
four reagents. 
Introduction 
The use of gallacetophenone as aspray reagent for the 
detection of metal ions in paper chromatography was 
reported by Dhar and Jain [1]. It has now been found 
that resacetophenone [2] (1), phloroacetophenone [3] 
(2), 3-C-methylphloroacetophenone [4] (3), gallaceto- 
phenone [5] (4), 2,4,5-trihydroxyacetophenone [6] (5), 
2,5-dihydroxy-4-benzoyloxy-6-methoxyacetophenone 
[7] (6), 3-formylphloroacetophenone [8] (7), 5-C-prenyl- 
2,3,4-trihydroxyacetophenone [9] (8), 5-C-prenyl-2,4- 
dihydroxyacetophenone [ 10] (9), and 3,5-di-C-prenyl- 
2,4-dihydroxyacetophenone [11] (10) also give vividly 
coloured spots on paper chromatograms with metal ions, 
especially 1, 2, 4 and 8. A comparison of the detectable 
ion concentration (/~g) in respect of Ti(IV), V(V), Mn(II), 
Fe(II), Fe(III), Ni(II), Co(II), Cu(II), Ce(IV) and U(VI) 
by these four reagents shows that they can be usefully 
employed as sensitive and generally useful spray reagents. 
Experimental 
The metal ions were examined on paper chromatograms 
using the ascending technique. All were used in the form 
of A.R. or Pro-Analysis grade salts. The mixture n-butanoh 
6 mol dm -a HC1 (1:1; V/V) was used as the solvent 
system for all investigations. Chromatograms were exposed 
to ammonia prior to spraying with a particular reagent. 
All reagents were used as 1% solutions in 95 % ethanol. 
Whatman filter paper No. 3 was used in all investigations. 
Chromatograms were scanned in UV light using Hanovia 
UV lamps (England) and sensitivity limits were determin- 
ed by the usual procedure in visible and UV light. 
R 
R" 0 
CH 3 
C6 HsCH 2 0 ~  OH 
OCH3 0 
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(6) 
(1) R= R '= R"= H 
(2) R = R '= H; R"= OH 
(3) R = CH3; R' = H; R" = OH 
(4) R=OH;R '=R"=H 
(5) R = R"= H; R '= OH 
(7) R = - CHO; R '= H; R"= OH 
(8) R = OH; R" = H; R' = Me2C = CH - CH 2 - Or prenyl Unit 
(9) R = R" = H; R' = prenyl Unit. 
(10) R = R' = prenyl Unit; R" = H. 
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Resu l ts  
The  spot  co lours  g iven  by  var ious  ions  w i th  the  reagents  
used  are shown in  Tab les  I and  II. Tab le  I cor responds  to  
o -hydroxybenzoy l  compounds  and  Tab le  II to  i sopen-  
teny la ted  compounds  (8) ,  (9)  and  (10). Tab le  II I g ives the  
relat ive quant i t ies  o f  ten  ions  (pg)  detectab le  by  (1) ,  (2) ,  
(4) and (8). 
Discuss ion  o f  Resu l t s  
Th i r ty  th ree  meta ls  were examined  w i th  seven  d i f fe rent  
o -hydroxybenzoy l  compounds  (1 - 7). The  chromato -  
g rams were  scanned in both  visible and  u l t ra -v io le t  l ight ,  
the  resu l ts  w i th  ga l lacetophenone in vis ible l ight  have  
a l ready  been  repor ted  [ 1 ]. The  rest  o f  the  resu l ts  show 
that  resacetophenone (1)  gives co loured  spots  w i th  
four teen  meta ls  in visible l ight  and  f i f teen  meta ls  are ob-  
served in u l t ra -v io let  l ight .  The  v iv idness  o f  the  co iours  is 
observed  in the  case o f  Se(V I ) ,  V ( IV ) ,  Mn( I I ) ,  Fe ( I I ) ,  
Fe( I I I ) ,  Cu( I I ) ,  Ce( I I I ) ,  U (V I ) ,  and  Pd( I I )  in both  vis ib le 
and  UV l ight .  A I ( I I I )  can  be  located  on ly  as a f luorescent  
wh i te  spot  in UV l ight  on ly .  
Ga l lacetophenone can  serve as a very  use fu l  and  un iversa l  
spray  reagent  as the  number  o f  meta ls  ind icated  is large 
and  spot  co lours  are par t i cu la r ly  vivid and  in tense .  As  many  
as twenty  e ight  ca t ions  give co loured  spots  w i th  the  
reagent  in  visible l ight  [1] and  a s imi lar  number  in UV 
the  co lours  be ing  qu i te  vivid,  Ba( I I ) ,  wh ich  does  not  give 
a co loured  spot  in vis ible l ight  appears  as agreen  spot  in  
UV l ight .  
Ph lo roacetophenone (4)  is as w ide ly  app l i cab le  as 
gaUacetophenone and  spot  co lours  w i th  var ious  ions  in  
visible and  UV l ight  are qu i te  vivid. As ( I l l )  and  As (V)  
wh ich  do  not  give co lours  w i th  resacetophenone and  
gaUacetophenone show wh i te  spots  w i th  ph lo roaceto -  
phenone .  
Table I. Colour reactions of  metal ions in visible and UV light 
b = brown; bl = blue; big = bluegreen; blgr = blue grey; c = chocolate; dg = dark green; dgr = dark grey; 
fbl = fluorescent blue; fy = fluorescent yellow; fw = fluorescent white; g = green; ggr = greenish grey; 
lb = light brown; lg = light green; lo = light orange; lgr = light grey; ly = light yellow; o = orange; 
oy = orange yellow; p = pink; v = violet; vg = violet green; vgr = violet grey; y = yellow; yg = yellow green; 
w = white. 
S. Metal Vis UV Vis UV Vis UV UV Vis UV Vis UV Vis UV 
No. Ion 1 2 3 4 5 6 7 
1. Rb(I) - - w w . . . . . . . . .  
2. Be(II) - bl y g Ib w y yg y y w w w 
3. Mg(II) - - w w - w - b dg w w - - 
4. Ba(II) - - y fY - - g b g b lg - - 
5. AI(Ill) - fw w w - w g g yg w w w w 
6. Pb(II) . . . . . .  dg - - - fbl - - 
7. As(Il l) - - w w - - dg . . . .  w w 
8. As(V) - - w w w - - w w w w w w 
9. Sb(III) ly - w w - w - - w w w w w 
10. Bi(llI) - - y ly - - gy y fy o ly w w 
11. Se(VI) o yg o yg lb ig dg lb lg o ly w w 
12.  Te  (V I )  - - w - w w . . . . . .  w 
13. Ti(IV) - - o fy ly w g o g lb y - fbl 
14. Zr(IV) - - b g w w fy y fy w w w w 
15. V(IV) g g g g lg g dg b g b g lg lg 
16. V(V) - lgr g g g g dg b g g g Ig ig 
17. Cr(Ill) lg lg y fy - - lg y g w w - - 
18. Mn(II) p lb p lb - - lb . . . . . .  
19. W(VI )  - - w - w w lgr Ib - y - - - 
20 .  Fe(lI) C dg b g b g dgr gr g b g b g 
21. Fe(ll I) C dg b g b g dgr gr g b g b g 
22. {2o(1I) b g b g dp g - b g p gr Ib y 
23. Ni(lI) b g p fY - - dg b dg w w w w 
24. Pt(IV) ly . . . . .  gy . . . . . .  
25. Cu(II) lg gr b dg lg lg dg b g y y - - 
26. Au(lII) ly vg v - vgr big ggr blgr blgr big blgr gr gr 
27. Zn(II) - - b g b - dg b g lb lg - - 
28. Cd(II) . . . . . .  lg . . . . . .  
29. Ce(ll l) b gr b g b lg dg b g lb w - - 
30. Ce(IV) - - b g lb y dg b dg b w w w 
31. Th(IV) - - b yg w w g yb g w w w w 
32. U(VI) 1o yg b g oy fy g b g lb w y y 
33. Pd(II) gy g - - ly lg g - w . . . .  
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Table I1. Colour reactions of metal ions in visible and UV light 
S. Metal Vis UV Vis UV Vis UV 
No. Ions 8 9 10 
1. Rb(I) - lg . . . .  
2. Be(II) y y iy - ly - 
3. Mg(n) . . . . . .  
4. Ba(II) ly lg . . . .  
5. AI(II[) y g y y ly ly 
6. Pb(lI) . . . . . .  
7. As(III) y dg . . . .  
8. As(V) . . . . . .  
9. Sb(IlI) ly ly . . . .  
10. Bi(lll) y lg . . . .  
11. Se(VI) b lg o dg o g 
12. Te(VI) . . . . . .  
13. Zr(IV) y yg ly fy - - 
14. Ti(IV) b lg lb y - - 
15. V(IV) dg g lg yg lb g 
16. V(V) dg g lg g lg g 
17. Cr(llI) lg lg lg lg lg g 
18. Mn(lI) . . . .  b db 
19. W(VI) o ly . . . .  
20. Fe(II) dgr g C g C g 
21. Fe(lI1) dgr g C g C g 
22. Co(lI) b g . . . .  
23. Ni(II) lg lg gy y gy y 
24. Pt(IV) lb lg lb y - - 
25. Cu(II) lb lg lg yg g yg 
26. Au(III) blv g by g blv vg 
27. Zn(II) yg g - - lb ly 
28. Cd(lI) . . . . . .  
29. Ce(IlI) b dg lb y lb y 
30. Ce(IV) db dg - y lb - 
31. Th(IV) oy lg lv y lb - 
32. U(VI) b g o gy Ib lg 
33. Pd(ll) gr fg db g grb dg 
Table IlL Sensitivity (#g) of metal ions with various pray reagents 
S. Metal Reagent-1 Reagent-2 Reagent-4 Reagent-8 
No. Ions Vis UV Vis UV Vis UV Vis UV 
1. Ti(IV) 4 2 40 10 2 1 10 9 
2. V(V) 6 5 4 2 2 1 3 2 
3. Mn(II) 7 7 8 8 2 1 9 8 
4. Fe(II) 0.4 0.2 0.4 0.4 0.2 0.8 0.8 0.6 
5. Fe(llI) 3 2 0.8 0.6 0.3 0.2 0.3 0.2 
6. Ni(ll) 0.6 0.4 0.4 0.2 0.2 0.1 0.4 0.2 
7. Cu(II) 4 1 6 4 2 0.9 4. 2 
8. Ce(IV) 40 10 30 20 9. 9 40 10 
9. U(VI) 6 4 10 8 5 4 4 4 
10. Co(II) 0.6 0.4 0.4 0.2 0.1 0.1 0.4 0.2 
Metal ion concentrations in #g 
in the case o f  Ti(IV), V(V), Mn(II),  Fe(I I)  Fe(I I I) ,  Co(II), 
Ni(II), Cu(II), Ce(IV) and U(VI). All four reagents, as is 
obvious, can be used for the detect ion o f  very small 
quantit ies of  Fe(I I) ,  Fe(I I I) ,  Ni(I I), Co(II),  Ti(IV), Cu(II), 
V(V), Mn(II) metal ions. A comparison of  these limits 
with those for other known reagents [12] shows that in 
the UV the present reagents are quite sensitive for the 
detection of  ions f rom 0.1 to 0.9 #g. Further,  no other 
known single reagent can be used for the detect ion of  
such a large number of  metal  ions in semimicro and micro 
concentrations. 
3-Methylphloroacetophenone is a weaker reagent han 
those ment ioned above giving weakly coloured spots with 
only twenty metal ions in visible and UV light. The other 
three reagents, viz, 2,4,5-tr ihydroxyacetophenone,  
2,5-dihydroxy-4-benzyloxy-6-methoxyacetophenone and 
3- formylphloroacetophenone are not  as good as the above 
reagents. 
Taken together esacetophenone, phloroacetophenone 
and gaUacetophenone in this group of  polyphenol ics can 
be used as powerful  spray reagents. Rb(I)  which is not 
usually indicated by polyphenol ic  ligands gives white spots 
in visible and UV light with phloroacetophenone.  
From the results it is obvious that 5-C-prenyl-2,3,4-tri- 
hydroxyacetophenone (8) is the most effective spray 
reagent of  the compounds given in Tables I and II and 
with the except ion of  Mg(II), Pb(II), As(V), Te(VI) ,  
Cd(II) all other cations are indicated by this reagent. 
Table III shows the comparative limits (/ag) detectable 
by resacetophenone (1), pt l loroacetophenone (2), 
gal lacetophenone (4) and 5-C-prenylgallacetophenone (8) 
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